The Eastern Indian Gangetic Plains are characterized by a primarily nature-dependent region blessed with an enormous supply of mineral resources. The region is witnessing a rapid transition in its demographic structure because of rapid industrialization. The region provides a classic example of an area which shows a trend reverse to that observed globally, as far as the frequency of extreme precipitation events is concerned. This paper provides a risk characterization of the entire region, based on the empirical behavior shown by data available so far, in addition to predictions based on theory of extreme values. The long-term behavior prediction is made with an aim to provide policy makers ample time and direction to develop suitable disaster prevention measures. The focus is primarily on extremely high rainfall events, their frequency, trend and estimated long-term behavior.
Risk distribution of extreme events related to climate change is not uniform and the impact is more severe on socially and economically disadvantaged communities.
The Indian sub-continent provides a mix of situations complicated by a transition from a nature-based rural society to over-population and industrialization. India receives about 60% to 90% of its total rainfall during the southwest monsoon season, which transcends most part of the months of June to September. The economy and social life has for generations depended on the regularity of the monsoon, both regarding its timing and volume. Extreme precipitation events provide a direct indication of climate extremes, as an increase in their number indicates a serious cause of concern for the overall society. Spatial and temporal characterization based on the Indian monsoon have over the years resulted in a number of interesting studies (Roy & Balling ; Goswami et al. ; Rajeevan et al. ) . Goswami et al. () , in their effort to analyze the stability of the Indian monsoon, found a significantly increasing trend in the frequency and magnitude of extreme rain events and a decreasing trend for moderate precipitation events. However, it was interestingly observed that the mean rainfall did not show any significant trend, thereby suggesting a stable behavior. Rajeevan et al.
() also explored the increasing trend of extreme rainfall events in the Indian context and associated it with the increasing trend of sea surface temperatures and surface latent heat flux over the tropical Indian Ocean. Pal & Al-Tabbaa () analyzed the extreme rainfall excess as well as deficiency for the Indian monsoon. In this paper, we focus on the Eastern Indian Gangetic Plains (EIGP) which in particular can be visualized as a traditionally nature-dependent region abundant in mineral resources and that has witnessed a rapidly increasing population pressure. The area remains disadvantaged economically compared to the rest of the region, and hence the impact of extreme events is often severe. It also shows a trend direction for the frequency and magnitude of extreme rainfall events, which is reverse, when compared to the rest of the country, and hence provides a unique situation to explore (Roy & Balling ) . Seven river basins of the region are explored and a characterization of the extreme event scenario is attempted. Extreme value theory along with other related ideas provide the major foundation on which the modeling and risk forecasting measures are based. The remaining sections of this paper include an outline of the study area and the data used, the methodology, and the results and discussion. The final section concludes the paper with a discussion of the major findings. indication of the shape of the distribution and its asymmetry with respect to the mean (Hogg et al. ) . Typically, a
STUDY AREA AND DATA USED
right skewed distribution has a longer right tail, i.e. it is characterized by a dominance of the data towards the left of the mean. In contrast, a left skewed distribution has a longer left tail, with most high frequency values lying to the right of the mean. The coefficient of skewness is given as
where μ 3 and μ 2 are respectively the third and second moments about the mean. For a symmetrical distribution γ 1 ¼ 0 whereas a distribution is generally considered to be highly skewed if the magnitude of γ 1 exceeds 1. The sign of γ 1 tells us whether the distribution is right skewed (γ 1 > 0) or it is left skewed (γ 1 < 0). Kurtosis on the other hand gives an idea of the central peak and the effect of tail values on the shape of the distribution. The coefficient of Kurtosis is given as follows
It provides a better indication of the effect of values farther away from the mean because it involves only even moments and hence the tail values do not offset the contribution of one another. The standard value of β 2 corresponds to that of a normal distribution where β 2 ¼ 3. Thinner tails lead to lower peaks and then the distribution is said to be platykurtic (β 2 < 3) whereas fatter tails lead to higher peaks where the distribution is called
Mann-Kendall test
The Mann-Kendall test for trend analysis is a useful nonparametric method that does not assume any underlying distribution in the data (Mann ; Kendall ). The Mann-Kendall test statistic is given as
where sgn represents the signum function. Hence a large positive value indicates that the later observations are larger than the previous ones, thereby indicating a positive trend, and vice versa. We use this test to explore for possible trends in tail event frequencies for the different basins.
Extreme value statistics
The basic statistical theory for extreme values in a distribution has existed for quite some time now ( 
where β and ξ are the two parameters of the distribution, which are the scaling and shape parameters respectively. 
which asymptotically converges to the Generalized Pareto Distribution (GPD) whose cumulative distribution function is given as
where the behavior of the scaling parameter β and the shape parameter ξ is similar as in the case of the GEV distribution.
Model fitting and parameter estimation
Corresponding to the two approaches the data can be dealt with in two ways. In the first approach it is divided into equal sized blocks, fitting the GEV distribution to the maxima of each block. In the second, all values above a selected threshold are considered and then the GPD distribution is fitted. A minor demerit in the first approach is that many sufficiently large values get neglected in the process of considering the block maxima. This is not the case in the second approach since all values above the specified threshold are considered. In this paper, both the methods are used. The GEV approach is used only to show the heavy tailed nature of the distribution, while the GPD approach is used to show the results for the remaining analysis. Here we have taken the 90th percentile as the threshold and for GEV we have used the maxima for the June to September period of rainfall in the region. The maximum likelihood estimation (MLE) method is used to fit the extreme value functional models. The performance of the MLE method has been questioned by many researchers but it provides straightforward methods to find standard errors for the estimated parameters and values (Gilleland & Katz ) . The parameters of the GPD can be estimated by maximizing the following likelihood function
where τ is the threshold and m is the number of values exceeding this threshold value.
RESULTS AND DISCUSSION

Fat tail behavior
Even though the normal distribution is used as an approxi- Table 2 gives the values of the 90th percentiles for the distributions and also the frequencies exceeding a high threshold of 50 mm daily precipitation. It can be seen that the 90th percentile mostly lies between the first and second sigma values, and still as shown in Table 1 , there are values even outside the 6-sigma bound. For the high threshold value of 50 mm daily rainfall, it is seen that the percentage of days exceeding it is not even 3% for any of the basins whereas the contribution of these days to the overall total rainfall observed during the period reaches up to 20%. Table 3 gives the values of skewness and kurtosis coefficients for the rainfall distributions of all the considered basins.
From Interestingly, this corresponds exactly to the observations made earlier. Figure 2 shows the frequency histograms for the daily rainfall in the cases of the different basins. It can be clearly observed that empirically the distributions show characteristics similar to a Frechet distribution.
The distributions for all of the basins are strongly skewed and have significantly persisting right tails. This indicates that, even though small rainfall events occur most frequently, very large magnitude rainfall events are also not uncommon.
Before proceeding with trend analysis and extreme value analysis of our empirical distributions, the empirical quantiles are plotted against those of the exponential distribution. The QQ-plots in Figure 3 clearly reveal a behavior which is deviant from the assumed distribution, as is expected. In QQ-plots linearity suggests complete fit and concavity suggests heavy tailed behavior. In the cases of only Basins 2 and 8, the plot is somewhat linear, while in all other cases the concave plots dominated by the extreme values point towards a fat tail behavior.
Trends in k-sigma events
The Mann-Kendall test allows us to explore if there is any temporal trend in the number of daily rainfall events exceeding k-sigma values, where k ranges from 3 to 6. Table 4 shows the values of S given by Equation (3) Fitting and verification of extreme functional models Table 5 gives the values of the estimated parameters and their standard errors, when the GPD is fitted to the eight empirical distributions.
One peculiar observation arising out of the parameter values is that the two basins Damodar (Basin 2) and Kasai A plot of the distribution of excesses over the threshold and the fitted GPD is given for all the basins in Figure 4 . The QQ-plots also show that the fitted model has a good fit to the empirical distribution.
It can be observed that in all the cases the assumed models fit well into the empirical data, thereby providing us with a distribution that we can now use for predicting risk measures in the next section.
Heterogeneity within homogeneitythe risk map of EIGP One important risk measure that can be obtained from the models fitted so far is the n-year return level. It can be 
CONCLUSION
The primary purpose of this paper was to present a characterization of the EIGP which have been known to exhibit behavior different from the adjoining areas. Statistical analysis and the extreme value theory are used to develop a threat map for the region which can aid policy makers in planning and designing long-term approaches to deal with situations arising from extreme precipitation events. Methodologically, MLE was used to estimate the parameter values for the fitted models, and then they were used to find the return levels which formed the basis of our risk map. The map presents a characterization which shows that the Brahmani, Subarnarekha and Tons basins are more prone to receive extreme rainfall events in the long run, which are much higher than those for the other basins. In fact, the other basins are expected to show a more stable behavior in the long run. As future work, the models can be improved by including the impact of covariates and possibly exploring other advanced methods to improve the forecasting results.
REFERENCES
Alpert, P., Ben-Gai, T., Baharad, A., Benjamini, Y., Yekutieli, D., Colacino, M., Diodato, L., Ramis, C., Homar, V., Romero, R., Michaelides, S. & Manes, A.  The paradoxical increase of Mediterranean extreme daily rainfall in spite of decrease in total values. Geophysical Research Letters 29 (11), 31.1-31.4. 
